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TilO baoic problon of tliio »jai*ticular Inm^ licatioai vJ 0 .a to 
dotor^'inc tiio otroao conoontratioa faotora pr^aaont at a (iioaidor in 
tiio root ooction of u nodol propo'^^ar blada iii;?,rrafact'.i?od fron 765— T 
eltciiniri allej. Tho :;nrticrj2ar coo^Tstrlo ooebion oonsidoirod lo foasid 
in tiio fcTix) :coj>oXlcr bladoc ouch ?.2 \sill ba irjotalled noon an t!ia 
Soathorn Califorrda Coo:X)ratiTO Wirk! T’vUinol, 1'aac.doaQ, California. 
Ihooo bladoe tiore nmwfact’jr^ad trco. forcingc of 76S-T tr/ too Ifcs.illtoa 
Standard Proiiollor Dlvia3.on of t!\n UnJ.tod Aircraft Coriwrotioa, 

StrosG conoontixition factors i.'oro dotenirsed for idiat ;r.lll bo eillcd 
txie ♦’critical aoction*' of tho blado. 7hio ooction is -andercrt^od to 
noan the arena ooction of aiainin ciroa idiidi io locntod iT-iorliatoly 
aboTo tlio otrono-raioinc fillot at tlK5 5 ’'i 2 iction of tlw blado Itoolf 
end 'alia rco't flanGO, 

A cocondoxj purpeos of tho inTDGtl£ntio‘i me to carrdnto •tJioGc 
data with ti.<o other Gi^poriEnr.tc tlvxt Isad olr->ad^ been carried out for 
this pai-tlcular blado Glicpo. Thooo oarllor ozjxsrlnQntrj dotominod "tho 
EsagnitudoG of o Tfaoo otrossoo in tho critical ooction, oao utiliaisac 
a fall-ocolo, tlirop- dinonaicGal Enodol, and tlio ot!jor a l^uQ- dinjonaieaal 
full ottilo nodol ono-incJi thlcCs, Both of tlioco erjorinento utlliaod 
otatio tension loads, the loads boinc applied over tlio uppor ourfaoa 
of tlio flcnco, osaactly as tlio^ are osciS'xid to act wiion tlio blado io 
rotating in tlio wind tunnol. Also, an attce^it vsio rmdo to ecutioro tho 
data obtained in tills inroaticatiem idtli ctlior fatlgtio tosto of a ncro 
cpnoral nature. 
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Tl'.o toalia te tirlj 



’ r.on'-. iTVootifptioa wro oil of ei 

fa'^lc'.vo mtisro. In CKo-t.onth ac&’ilo noaoln of actual blado 

woro \!3cjd CO fctif^uo cixseinono. Two tgnpoo of loadlnp: wiro uoort. TIio 
firct oonaiofeod of a c^allc locdiixj 'Varying upwr totjoion 

lln5to to sens otroan, and tho cocond oom-\c/uel of a cotiotont I’pixjy 
torioion otroao 2±'iit with viirylrif' tidxdrvsi atrooGGO, 

Toots vioro oonductod using an up’ior torolon jkxi^jvjI atroos 
lliait of approidmtoly 23,000 poi and wcro ont^ndod to tonoion 
Btroaaoc of Icwor valiioa vdiioti octo a fatl£;^io life of noro tJxin 15j000,CK>3 
<^clos, Dao to tho alow rate cf louc'litig (2,500,000 t)oy day) in tix5 
Somtogj TnlTOrcJal Patisuo Touting 'faebino, t!iO invaotfication xru3 
not conthiuod to tiio conomlJy accontocl vliIug of ^X),000,OCO e^'clco 
w!iloh r:arla3 tho upper oyclio ISait of fctlffoo invoDtigationa, 

It was found that strocs ooneontratlon factoro dotoroinod frora 
iiiio typo of fatigue tooting oono curpidolnely cIoqg to thooo dotorriirsod 
frou tho full-cealo, throo-dinonsional, otatio toots. 

Ti\o soloetlon of tlva t;/T>© loGdlnga used tjos not ontiroly 
crMtrary, Tho otrcoo eyolo tdiicsh varied frofs noro to a ;x)al: tonoion 
value and them to soro again would cloooly oimulato t!io loadingo in a 
otnrt-otop cyeloj tho cRi*x3rpooitioa of a ccroHe stroac upcsn a 

ctoady toaoion load uotsld result in approslaatoly tho typo of loadiao 
o:^x>rionood hy tho blado uhos it was rotating at a consist 
speed icador ooroolastio a:dal foreoa. 
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I, iriTRODDCYiai 



?ho ’iQcJic'iilsnt of failui’o Ixi mriorsc ©SKiponoats of 

mcIdaoTy lucio long boon ono of tlio f^roGt “X'xiolTOtl nystorioa of too 

phycical world Ic \^^ioh iro 11 vt). Sinoo no ooliitica cidoto, 

iho fe.tilGUO life of a particular natoricl. Ituc, at too jiroDont tino, to 

bo dotor^lnod o:;j>oi^ontall7* Evon- osrporinontol ros':J.taj> oriniiip froa 

^irofully oontrollod toots, ero ooaatirxas nisloadiijc and lnoon{:ruai 2 a 

/ 

and, thorofcro, aust bo earofiHi? cnal:' 20 cl boforo bolide used In t'lo 
aotuol doolcn of racchlnory, ifetolJ.i3rGic!cl ocionco, oonfrontod vlto 
danando for alloys of incroasin^t tenoilo stron^th, Jvardaosa, cte,, is 
cinilarly cJiallongod td.th tljo noooasity of Icooplnc too inoroaso !’» t-TO 
rosiotonoo to f&tif^ in proportion to too Inprovcsr^ato in otJior 
oharactorlotios* It Itoo, tocroforo, boon ixiooooary to conduct eotr^tloc 
osi>3r3aonto using opoeij^soas of varying siaoo, ol^apco, and natorial, 
undor different, ooaditions of loodlix*?, order to aosucrolato a vast 
anount of data, all of ufiioh cocjoday ronj' load to a vital clito to tE’:0 
factors Influoncing fatigue proportlos* It la bopcjd that tfiio onpori- 
E»iit nay bo ono of tlio building blooix \tiidi ovontuaHy -'ey jx’.ro t!io 
road to oucJi undorotanding, 

Th’js project was oonductod by too Gutoca*, and Licr.itcnant 
C, las^f tl, S, Ifavy, at too Struct:u?oG lAborcitorjf of too G>iQ[pnhoin 
Aoroaautlcal Laboratory at too California Institute of Tochnoiofy, 

V 

Paoodona, California, undor too guidonoo of Dr* K, E, Sotolor, durii'^g 
too poidod frcci 15 rfovonlxjr 1949 tc 1 liy 1950* 

This o::^)orl’aoat, altljouci^ of lirdtod goaorol vtil^ao, liad as its 



jD^iirpoao tlffl in^3ti(^tlon of iV'o fj.bifnio lifo, ojy3 hcnoo tS\o DtixiBa 
oonocntratloa faotoi*o prooor.t at a olioxildor ?n tlio root ooo*lon of tiw 
typo propoXlca- lilado cuoi'i aa is to be icotaiiod coca; in tho Soutliom 
CalifoKiic. Cooixsratdvc Wirid Tumid. Tho oaricisJd propojJ-or blado 
tnotdlod in the wiiid tuitid VKic nanufactiii'od froi 253-7 aliminm 
dloy anti lied as c dlotin^alshiric doclfpi foi-'juro a 3/l<>-iiioIj rudiiac 
oiroiilap fillet at the root Afeor 30GC hourt) ox 0 ;X!i*atior., ojxs 

of tho blotlos in tlio proixillca* aceoably failed at tho root, A picrc'oro 
of tho failure io chowa 1;', Fij^oro 1* T!:e failure oonnistoi of a 
coajjlotc fracture at ^ic fillo'c tSi’itfa clcoo2y rcaonhlod a t.T*;;>ical 



fatitrao tc,“.xj failiate, Uofore cooi-diJiG o?i tlio of a rr-plao3r.i).it 

blade, covoral difforont oljapoo '.ere cotsaidorod. Static tx*o-ul:.oi'i3io’LCil 
tcata uerc i*m on propoood dosigne, all of tiliitii utic’-iptod to dotomino 



vMeh of t!iaa -.euld nininico tliO soncoriiratod O'tresscs at ilio fLUot 



and yot iMct '!d:o otiior gocsotrlc opocifioationa dictated by tuaaol 
tu*ranGca3nt, The nou dooigne utiliood flsiifps of vor;/i:in dopt’io, aid 
fillota of vurloao cirel^lar and elliptic Gl:a;30c, Tb^o final dooiga 
coloctod uao one liavlng a 3’»-iadi dosp flange, end a G.Vp-'iiicii c*a*c;?lar 
filiot. It uas dotominod -to (X>r»duot tlio rirocont invest igati-oa to 
oorrolato tlio ctrooc concor.tration factors as dotcniinod fron otatis 



tosto vit. thoco dotoioiii'Od in an in*xo3 cii'ratlcui utiliaii^g cycii.c, or 
fatigue p loadinc, 

Dccauce of tliO imconveaticaal notl'^od of applying tlio cyclic 



loadinf’ to tlw cpocinton and bocauso of tJ^o nai;y para-notors ijifluoncine 
tlic toots oudi oa opeciaon fijdty in tl3o Iioldicc jiCs prooonoo of 
bosading ctrocsoc, and olici^t dinonsloaal inooncictcncioa anong the 



3 



ocvcrr.l sr-ooi'ioi'^ "lo, , tJ-o mralta .os '^oroii’i cro 

nc* .'.orvrrt fc7 cssrtflt ''fjar.t/itc.'jiTO tiooj In tho 'looJjn ^ A'^'i nx’oxjJLlor 
blatiGC, !Xiti aro offorc^I iicrolj,’ os oil iridi&atiou a.': uO lio:; or 



{oAVs.io tootr of thic -'^C’ ’JO co 



jct.O''^ 3 r. or\or to ~-'03 



t>.o doaijpaor c -^sivorcl oosTolctlon ixjt-i"j 3 r. 






d c^ nlie^n^ 



dotor*rJ.nod ctrojo eonooritratloa va2;.:oo. 
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II. EfJ^JIP.CT AI0 PROCKDURE 



All cf the opoclTcnc ')so& vara :a:irafaatiri>od frca an asi^^hxJL 
uj-dPlnichod propollor forci^lng, Kio apocl'Kjno xtoto cut fma tlio 

natorial ta^con fvoti tho TridcOT cirv3 'f'hldioo'o fiirt of tho blade a:'id 
loro mi^iinod with tho a::lo of o^rriotry ri'U’cslnc tlio furciin”, 

i.o., psa-aiilol to tho jjoh{! d;lrx3nslca of tlio for^diig, 

Tho Gix)clncno woro corv3tns<x)d to cKTO-tonti-- cealc a’xl cjo 
Dlicra in detail in f! ord 5, Ttio dlj^orsoiono i>ofo obtained 

ft*ca tho orl-cinal SoColCVT bluoprint Hb, SK-1600G, Cliaaco A, Bocauoo 
of tho sail dlooaaicEQS Involvod on tho nodol, oortain ninor faaturoo 
of tho cjiTiclnal WLado ^old not bo accurately incorijoratad thojroin* 
Those inoluflo otidi tliirics ao tlio ttiiX5r of t!io Oi3r<tral hole, 
atted’dne ootjntoi’oirlaj and holco, etc. It ic folt, hairyvoTf V.jct 
none of tliooo foaturos CJ2 o-ittod t’v3 opooLnono !Jod any oicnlfioaut 
effoct on thoir ff.tlc*jD lifo, 

Tho oontral hole clrlllod in tlio ot-oclaono was of oonatant 
diojiotcr* Thlc diagnotor w\o arrl'^od at by detornlnii^C tloc aiao of 
tho ho2o in tl'ie original blado at Itc ainintn crooo Qoctioaal aroa. 

Bo cause of tho groat Inportanoo of ourfaco finish in tlio 
fatlguo lifo of a spooSacn, (of, Rof, 1), tUo o’srfaoo of all csodslo 
tjolishod to appro^dmtoly 5 mloroindioo. Groat caro ’.no ojsDrclacd 
dinrlar tho toots to ino'oro that no tool Dar‘33» ocratdios, or otiior 
En.iErfaoo irjporfoetioao woro introdiieod ul\lch oatsoo locallcod 



ourfaoo atraac oo 

TIio oc'iorol licClo r.z\a first drl 



■nl i-osultint; prcx'^tui'o fatlf/^vo foilus^. 
-12cd trltii c. cta:adrrd drill,, ti.on irzs 



l\aixi i<!lirl5ad ’ri'bli loTicc^tod cdliiiiiria on c. siail ix>odon do-jcl, 



inaticn cf f„iiod spociao::c did not indiea’io cizy orac'r] 

oricii -otijx.; £>ort inpcsrfoct.lca': fi 2 . tho c 'rfoco cf the cor.triil Iiolas* 



Thoreforo, it io ocounod tlvat tiio nbo'/o nrooooo isio cntlroly octic~ 
factory for tho roqulrociontri of tliio pro^oo"i, 

Aa a chock tr» the cUaoRsioaol accuracy of tli© i 2 a<fd:iin{^ 
oiKimtiona a Gfcciacn \no dhoaon at randca aad claooJjod in a Jonoc and 



Lenflon Optical Ccapomtcr. flic rf^cTiItc of tldo diock tjoro f,*ooo!, cod 
they ore ohenri 5ii Tic>xeo 



fijQ opod’aariB t-xirc rjountod in a Iioldiac Jig doaiciiod tho 
Invootigatoro and oonoti\’.otod in tho Cu\lCT£ oachino chop. It in 
shoun in clotGll in PigurcQ 5 and 6, Tlio jig approidnatod tlxi fi::rfraro 
of tlio propoUcr bladoo in tho viad tunjiol cnoopt that no provision 
was aado for tlio ring elesnji tljat Iiolds the blcdo a fou inclioa a’iovo 
tho flrtnr® oa tlio flongo. Sinco tlio critorlon of this invecticatlcsi 
•v^ae for piaw ardal tonoion dth tlio aixsonoo of bonding ctrccaoa, it io 
folt tiict ‘ilx) OLiioolos of thio cleap wao of no groat Inportanco. Tlio 
holding jig appliod Ux> load to tho upper ocrfaco of t'lo flango 
cnsetly ao it in applied *^r tho rootraininf: foTooo on tho oix>rating 
blodo, Tlio loaded curfuoo of th© raodol is on on.’Tjltir area on top of 
tbo flange, tiio noon radius of liiich io 0,355 lacSioo t-dth a tiiiolmcoo 



! 

j 



of 0,'^5 ;Lnc:-.co. Vr.'C -'zo V o rlr.; 'rnloiTa i:tvolvofl It tsvO folt 

t!'>.4t -2-1 not ’>D to lo "1 t’v3 3’-r''?’rca >rxiv rnoli a 

cr^-.3i ar'-'-."’.. ilo u ivacilt, ono toab c^x)c2:ivn lu’.vi;';;;; c\ 3?<x>t (lltv -otoi’ of 
0,-^'5 lno’ic 2 rj:s!i an icec'Vx" tiroa, V \2 tIv.G’rx>cs of \f. 2.d\ jas 

a.j.Jrc d.-iitolcr dn^blo tlisl of ■'hljo oyt^cri e,.rvlc ..idcl, iziz oa.T3t2*..ebod 
and tested, Ca .po-ri:\;, die >.Vaet;-«pcc und a*j^x>ujnnoo, r.^c-sr fniZvjx?, of 
tlvs cnlarjed o;wc±icn to 'L^-t of t’lG cn-.ct peo-le nodol faiJjod to 
Indicats tirit t!io cnaliwS? 03s:.Gt ':oalc wj-xoGir on x»af 3 not cn't-lroli' aatio— 
faeboiy; t?icreforo, tl-'-O oj^iot on.o-to.it;i ccfi-lo Evdols onjf" \roisi 

t}ij v^rlr&yT of t-K? l^eoct. j'tioa, 

The loads, all o” rid. vovo toai;!!';, vr-»rc iiO'trvilly I'trodr.ocid 
Ssito tbc isodol ter tl’jo oontaet of t!ic uap rin^; of tho hol<iia£; -S 
alictn in Ti^jaroE 5 and 1, Tlio finct cap ri"ii; -\xiod Mas ixaiidT'a.crtasxK! 
fron nild ctwal and i-rac 0,2y0 imcIiOE tliick. After 
^,000,000 toot oyclos, oao cf tito ca’aj'l'Jiu <fa*€3tii'.n>*i33xitod ctocl 
naeJoino ccsrvs asod to fa.tit'an tho cap ri’if It'-llod fro’i fatift 'C, 
ItlcroECcpic oaanlnation of t!)o fix:ct-C'*o o!\o;,’od n oorloiia ccoli^ion 
in -Gtoidiil at t?«5 pfjfs.t of fai3au*o. After t-si.; 'a':'tl<.ralar oorst; 
!ia?l failed, ti» loGdin^’’ o[’,'clc OKvbi..a‘Dd a fe-a seconds rjxcil ‘tio nu-Cl'diio 
Oo'xkl ';o otoppcci, Hale tlr'o tho tifd: loadc ittpoood on too 

'..’.nTa,;,>orocd *x;rtion of tio CKip oauaod it to , snCaLiG it 

u-tfit for fisrt'ior uso. In order to Inorocioo tl.w I’icidity of tiio c:rtiro 

JiC a rcpla exeat cap vine vxas r.'cdo frea l\i^ otran^^ etovil xrit-li a 

t-’ilclcTiooc increccod. to 0,3750 indiiao frora tho cricinal 0.25C Lnclico, 

Tao Iioldlaj: 3C2r.7rE t?cro leplaoed irlth ^-windi Allosi bolto. After t’a^eo 



cJianpoG vzivo laadc tho toatc proceeded id.tJ>ou.t fmetlxor troallc in tiio 
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holding QTRingac»nt. 

fitlM cT iPtrUtt? ossA glami, ?1<?aKa3BQa3ii2 

Tho gcnortil oot-^p for tijo on.x5rlno3t Is olicwii In Ficuroo 7 nnd 
0» Tho otroin gago xdriiic ic shoun ia Ficur© ID. 

Loads iatroduood dinrinc fatlgao tooting tjoro noamirod Viroo 
typo A-1 Baldwin SootJ.wark oloctrical otroin cagoo uoantod asially on 
tile surfaoo of the cpocirion* Tho location of tiio oogoe io ohown in 
Figaro 2. Tho eocoo wsro countod hy tlio foUowing praotleos tlio 
mzrfaoo rooj^ionod with Bo. 00 soadpapor, cloonod with oolvoat ossl 
tliea fJLxv-driod. Th® radial location of sago oontorlinco i«aa aoeuratoly 
dotomlnod hy placing tho opoclnens in a latlio and then dividiag 
tho oirc^jciferonoo into 120 degroo croo. Gagoo woro fostonod vitli radio 
aorvicG cement) then woro wrapped witJi aovoral tirms of eoi^jot throod 
to hold then In plaoo daring drying, ilsifora drying was aceoloratod 
hy boldng th© opecinons for olgJit houro undor infra-rod looiis at a 
nocn teesporaturo of 150° F. Thio proooso asaplotod tho polynoriaatloa 
of tho odhooiro. Bad thio not *oooa dono, the oenont would iiGTO 
rcaainod la ca anotablo oesndition for eororal doyo cad cay roGdinge 
taken duiring that tlno voi:ld Iicvo boon iziaocorato. 

Before ocmoncing tho actual fctlguo too1«3, on uttoapt woo 
nado to verify tbo cago factoro co publishod hy tho laonofacturor. 
Est«nolvo toots on tlio ixsrforoanco of tho A-1 tyixs gago uoro oonduotad 
hy Ceapboll oo doseribod in Roferceioo 2. The rooults of Cccpholl’c 
toots on olf^it) A-1 gecocj ooloctod from nanden IctS) cro shotia In tho 
following tabloj 



s 



Gego Faotoro 



Gtigo 


Roais-tonoo 


incr. 


doer. 


Ito. 


In olno 


otroins 


strains 


1 


120.7 


2.023 


2.065 


2 


L20.5 


2.044. 


2.060 


3 


iao.5 


2.056 


2.064 


4 


12C.5 


2.064 


2.070 


5 


120.5 


2.037 


2.074 


6 


120.4 


2.054 


2.060 


7 


120.5 


2.053 


2.076 


8 


120.5 


2,060 


2.070 


t4oen 


120.51 


2,0501 


2.066 



Thoo© •tests closely corroborate “the factor* of 2*04 co puKLichod 
Ealdvf'r. Soirthijcr!; for tiK) (Lot* no, ”!C”) of otrain sageo used 
3ii 'thlo oxxiri-nont, ?1:o gago factors of tliroo arbitrarily soloctod 
A-1 cagee QO dohomlnod esf>oririointal*y by tlio liivoctigatora on ■iiiio 
project arorecod 2*063, and •uorc orrl'jod at by tbc follovlng proooduroj 
An arbitrarily ooleotod scale spoelnon mo noimtofl In Itc holdis^ jig 
and loaded in static •tonnlon in a Mehle nooi>-hQlanco footing liociitno* 
flio atrcln G"^coc tiore irlrod &a ahoin 1st Fifraro 10, Loads tjore applied 
frtxn aero to 2000 lbs* ia 3norx»atc of 500 Ibo, Ck;go voltticoo uoro 
icoGsarod by a Laodc said Kortlmii) Potontionotor* Prior to testing, 
g 3.1 oloctriccl oonnoctiono botmon tbo gaco v?ipca and tlio load ’.rlrca 
wore (S)oolK>d \d.tl» a vaoinia tube obEiiotor for sliorts and hi{^ rosiatencoo. 
All gagGO o:a»pt one, lAiich ’mo roplacod, i?ero foirnd to be satisfactory 
In t’llo roopoct, 

Ap’S^almtoly tea ostnploto cyoloo of loading uoix? iiooocsary 
boforo tho gago roadlnf^j aottiod doxm to uioifom incroDonts ca tho 
loads txsro applied and renowd, I>uo to the dooiga of tho Riblilo 
Eiaa'tlno it i*as inpoosiblo to roDovo all of tho bondi^ig In the o]X)clnoa 
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during thooe tosto, Tiiio mo corrocfcod runninc throo oonploto 
tooto, Botwoa OGOh ran, t!io oiwcinon cad Jic wore ro«atod 120® la 
tho ond clonps of tho ocdilno. Gaco voltccoo indloctod tiiat tho piano 
of bondlns uac oonoticnt trltu roopoct to tJao bcoo of tlio ija(fjlno, Tho 
effoot of thio ‘-xjnainc woo ccnoollod hg? tcJdLnc tlao cvamc^ of t5ia voltac® 
iacrononto In tho tlaroo different pooitlona, 

Dy uoine tsha C iraalc doT?3la;)od in tho Apriondis, it uao pocoiblo 
to ociculcto tho Bafc*o factors for thoso tliroo c^igoa co loac oxi tlio 
£^liod eTtreoaos, the jotont* letor dofloctlons aiid the bat’toi^' 
voltage ‘.Jore Janmo., Hoa’olts of tlioao toato Irdioatod that tho factors 
for throo sagoe oelscfcod tKsro 2*07, 2*07, vnd 2,05, Coeib:l"lnr 
those results 'vri,th those detcraiz^l Ganpholl o.vd 'w*ltia those xfo- 
lished hy t’w rremfaerturor, t!ac strain gage factor for ail Calcco used 
dTuring t2:o rexmindor of tlir investigation me triten as 2,05, 

Tho pomr supply for the olo«5triail otrtdn 'oasurinr circuits 
vrao a standard throe-coil, 6 volt, \iot storfigo batters', 

Strosocc d'^aring qs'o^lc loodincs la tiio fatigue toots mro 
noo£JU 2 *od as fol!»jouos a teoting pajiol, docigirid cnid built liy ilr, 

Iforviii JosoQv of tlio QocQox^'^X}±n Aororsaittlool Laboratory, pornltted tho 
introdaction of a fictiticuo crtrocs trace iito a noiltmd Hoooidian 
Oocillograpli ifaich gavo tlio scaao I’vdicatlon on tlao rocei’dinc iiaixjr as 
an applied exad load of 3DCO I'xi, acting osa l^ao Cixjoinoa vould giro 
tlirouf^a tho tl'roo stroiia tT-ips, TIao ijitrodnction of tills fictitious, 
or aalibration,t 2 T-co xrac cooca’'!nlin''»od in tJac foUouing ricaraors By 
diGoonnocting tho throe strain f'oooo fron tho tooting panel and 
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Gubotittitlng a praciclon iRariaiia rooiottmoa thoir plaoo, It wg» 
IXTOoiblo to datenalrvo tho rooiotanco laSiich, whoa placod in tho circoit 
Instocwl of a RooO| wtsld oauso tho ocsio potontioaotor dofleetloa (in 
nilllvolto) as if a 2000 lb, load woro applied to tJio o^^odr^n. 
Prodoica xdLro-wound rosiotoro of tho al^vo valuoa woro thoa wired 
into an arbitrary ciroalt of the tostiac panel. Wlioa a puohbuttoa 
trjitch WQ3 olosod, all otiior circuits uo 3 ?o d®©a®rgiEod easoopt tho om 
containing tho rociofeoarc. circuit, xj!kx 2 fod directly ir-to 

•the Hoiland, oaiiaod tho fictitioruo 20CX) lb. traoo csi tho rooordlng 
paper. 

An additional useful foaturo ;jas built into tiio tost i 5QI»1 by 
incorporating a rariablo x*osictanoo in oorioo with o&cti actiTO gafp. 

By adjuEsting ocidi of tho throe roolstoro whoa tho ©pooiaen woo unloodcd, 
tho potcrrfcioaotor dial oould bo cct^lotely sorood, tiioroby laaldng it 
unnocoscary to oubtract original soro roforono© roodingc \hoti actual 
strains wero icoasurcxi during tho tests. 

Tho fatlguo tosto tioro cjonductod in a Saxatog UniTOreol Patiguo 
Tooting ifaciiino, Ibcbl 3r»l»U, Sorial Uo, 49^X)4. ?hc standard 
oixLtiplying fi:iSturo was » 200 d in which t!io Taluoo of dsniaaio aaS 
static loads os sot on tho tadiino indicating dlolc vjoro naltlpliod by 
5. Cyclic loads woro sot by adjusting tho oooontrio length of tho 
rotating irolf^it, uxoroao static proloado wore varied ly changing tbo 
toaoion on tlxo min support eiaings. A ooaploto doscsrlption of those 
adjuotrjonto io givon in Reftoreno© 5. Sirring tension was rMaourod witti 
a built-in nicrcsxotor wtiich indicated spring dofloctloa. The spring 
oonctant for thlo portiotalar rndilao was that .001 Inches rcpcposoatod 
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4*17 loo. of stn'fiic ]>re—load, AGCo?xlir.f? to t,bo iTidiinQ opoeifioatiorjo, 
all nocSiino loG.d-< a3a3?irln^ doviooc \Xfffo ace irate to '^Irta or n:’jT.30 2 
por oont. Snboo''iii!Qnt strain gctf’O rf'Oc!c!3 \.n3rifiod t!i5.g oontontiixi, 

Spocinono \JOTo nointod in t’io riadiino tiigr irar^nG of tlio Iioldinc 
jig iJTOvieagXY iloocrlbod, x\ftsr tlio jig ira -loixitod loooolcy- In t!io 
racililno {rigiiTG 9), all str’ln norond, Tlic frlp holUng 

3csxri,*s (Piooo 'Jo, 9, of difg. Ib. 50497— L of Hcforcacc 5) voro tl>-on 
tic^’toncxl, 3^-ving tliG ripper colrrui crip'ort ring loose, Ijocauco l^io 
toots ii 0 ?o ran In tension o:\3i», the ophorlool eor^^roocion ooate ( .jIooo 
H o, 5 of tho Geco drauing) rnro rccxnrad. The dosirod prolocd las then 
oot adj’*xiting the opring tomion and Idio csrclic loc,d sot fcr?' vojtIsic 
the ocoentrio era, Ai^tor tto rKc^iino ran a 5bii cjsloa to pcmlt 
tlie heJlL ooats to becono freo, it Virc stetpod and soro road?iiCG \!ovo 
clieo’rod acoln* It uuo asoiTDod ttmt imifom volt£i(p Jr.erononto for tlw 
throe r^agoo i no borKSirsg, at ioact vj^iea t^io Gt-ntic load 

woo acting. Iki^ov varistionG in thooc dred: road?.ngo tioro olinimtod 
ly adjusting t’ro tension on the trjolvo fp?ip ocrcuc. Final cago 
unifor-ilty yiie aclilevod adjusting tiro tencion on the studs tlrat 
tigiit-Qn tho upper coiiEjn olenp ring. Ikjforo tho t ^sto ijioro actually 
otortod, all t’lreo cage roedinf^s wra brought uithin plus or nlRUO 20 
dicrowlto of oo.ch otlicr, 

yiion all those prolluinnrios Irr.d boon <»r;ilctod, tho mc’iiae 
\jv.a {rbeurtod end tho tost bogim. Di^ionie oouGUi'cnonto i?oro thon talron 
aa foUorrs: Tho surlte'o.oc for all throo ragoo on tiro tooting ponol uoro 
aot to tho "C'\Cr?’ 3 x>aitior!. In ihic positios oji.1y tho noro roadinrs 
wore traasrilttod to tiio Hoilard and thioroforo onl7 a ctraif^tj 



aTcloflQCfcod trueo appoarod on tlx) paper, Thlo tnioe roiTToocntoJ 
SOTO load lo-rol, Tlio md.t<£ioG iroro t!:on sot tc -tilled 

introdnesd oimpoldcl tracoo ropjvsooatinc tha fjcrcllc port of tii® 
load, Thcoo cyclic otroosoo %Jc/ro dinplacod freu tlso aero lead lovol 
ly on cnount oorrosixjndlnc to tho otatic preload , Af^ber thono road- 
lnc:o tjcro naeJo t!i© mci'.lno was oiiut off and onotl^ ”HSIL"!?D” tmeo 
mo mdo. Tills trace wac another otrai{]Jit lino, dicplaood fren tlio 
SOTO load loTOl hy on anownt oorreapondinc to tho atatie preload, 
liast, tho pushbutton cuitdi ai tho panel was doprooaod. Th.ls intro- 
duood tlio px\n7iouoly doocrlbod calibration traoo corrospondinr’ to tiio 
arbitrary l«id of 2000 Ibo, Tlio rooordins tape for tlio ran ms tlicn 
OCKplota, Usir^ this loot traoo as a noaaurlnc acalo, all oti or loads 
appoorlng an tho record could t« noacurod qmntitatircly, A typioal 
Ilollattd record for ono run is choxwi in rijraro 13, Signals of ocroal 
enplitudo tim. rl?. r'C^GOS irKiioatod tho optirm condition of no bondiae. 
In ovosy* tost run tlio cu*aplitudG variation botuooa gacos ino 3ooo tlain 
3 por oont. 



TIto osjxjricjont vac divided Into four liorts. Part I cjonslstod 
of t!ic pi’opQration of a basic R, R, rc'tr.ting boca S«-J? carro fer 

76S-T, Standai'd R, R, KOCTJ? teat opoednons uoro fQhrloat«3d aocortling 
to tlio apooifloatlonc in Roforonoe 4, Pourtocm of thooo spoolnonc mro 
usod, all of vdiioh iroro finished tc a hi^p polish In t'lo fraot'u’o 
croa. They ixjro ran to failuro in four ooporato B, R, MOCnS Testing 
tecr linos, serial renbore 266, 260, 270, and 271, ell of i/ilch ran at a 






nooinnl (jpood of 10,000 Tho cnd'jrrjaoo limit, oc.' ctiMcs t;t \rfjlch 

tho o?Ci3lmonc did net foil ci^;or 500,000,000 cycles, tJQS dotoiViinod to 
be approjdrr.tcl;:,* 22,000 pci. T?iic ccrrobo?ntoc tlic valrtoc \rj 

oovorol othor invoati^jators, ‘Tlio final 3-^? chitvq lo chotn oc cjtvo 

no, 2 In Ficu3^ 14» 

It Ic Soi'XJsnllsT’ £i£;rood tl’^at c£x^ fatiftts data miot *oc on'luatod 
vltli rosixjct to tho typo of loading appliod to tho o]3©olncno, 
actual propollor nodols (in Pare II) xicro loaded ovor tlioir ontlro 
crooc-csotlo-Vil otoq, T?at in the f<. lOCTD -typo of loadlnc only tho 
ontomoat fibaro In tho cootloa n*crG cul^jocrSod to tlio Gp;)cront ctrosnoG 



indicated on a H, H, hOOI'J? S-II ciorro, Aa a roonlt, it tjao decided to 
rjui a concirs'ont caqjoxdroont in ’Jiidi uivnotd'sod Gpoexluona vk.:. fatifpjod 
b 5 ,>^ oidcl loadn. A curvs ohcvdne tiio rooiiltc of tiiia typo of toot for 
«nall, polichod, uanot'.cIiod o.xsci’rusd-a! of 7o3-T woo sitisplicd to tlie 
Invostigatoi’n bp R, L, of t!io Altrdntc. Cesap-rny of Amorlca, 

bat a fov vorif^'ing points for the forginc licod in t!ao constiaictioa of 



the propollcar apodnono wxe dooirod, TIji'oo ascoth, Tsa-notdicd cpociriGno 
woro tectod in tho Sonatag mdiirso tridor cyclic loodincrs '»/ilch uont 
freo zero to varyinc uppos* tonoion lindtc end then to aoro onain, TIkj 



dicnoter of t'asoo npccl ;nc and thoco iisod by Alcoa -vTovo all loos tiion 
ono~!iolf iad^, Thcco tltroo tf tocls }x>ir:'tc f ** -wll urltb-in tho aocaiod 
scatter hand of tlio Alcoa carve, (our.*o Ho, 1 of ri(;aTO 14), Tliis 
osipoidisont xvjn ooaductod i:i tlin cane nac!ilnc and xxador o;aict2y tlio 
SCJ30 •onditloruj as prjvailod wi.cn t2io ,;no:x3llor :.K>dila wr tooted. 

The iaai2i part of t!»o invostla^-tioTi (Part III) imrolvod tho 
actiul tooting of tito pro^jollcr rtodolc, slino ooalo sixjcinono xsero 
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used of which two did not fall. This test utilized a cyclic loading 
of pure tension. The cycle commenced at zero, rose sinusoidally to a 
peak value, and then returned to zero. This loading was introduced 
by setting a static preload equal to one-half the desired peak value, 
and then by superimposing on it a completely reversed cyclic load 
whose half-amplitude was also equal to one-half the desired peak value. 
The resulting loading is similar to that shown in the Heiland record 
of Figure 13. 

In order to determine the upper stress limit for this test, an 
assumed stress concentration factor of 2,0 in the critical section was 
used, liachine settings were adjusted to bring the apparent stress in 
the critical section to approximately 40,000 psi. As the tests 
progressed, the loads were reduced until the stresses were such as to 
give an endurance life of more than 15,000,000 cycles. The final S-N 
curve showing the results of this test is shown as curve No, 3 of 
Figure 14. 

The last part, (Part IV) , of the investigation consisted of 
testing four more specimens in a different loading schedtile, A 
constant upper nominal stress limit of 28,000 psi in the critical 
section was selected. In the first specimen, the lower limit was 
zero; in the second, 5580 psi; in the third, 11,200 psi, and in the 
fourth, 16,840 psi. The results of this test (cycles to failure) are 
shown in Figure 15. 




r-viifiir-: 
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III, ansui^^s Ai® Discussion 

Tho R. R, MOORE ©ndispanoo lirdt of osoll, poliohod, \r>^otchod 
opooixx)3s of 766— 'T altrxinm o . l l o y ijas Trcrifiod to bo in tbo noicbborhood 
of 22^000 pol* 

Tl^o toota of throo onoU, policliod, lEJf-jiotobod ci»oii 3 ors 3 of 
76S-T aliEdnan alloy in on axlal-Xoadine Sormtas nnivorcol Fatirao 
Tooting Hadilno (IdCO <^clo3 per nlnuto) gave data pointo tliat 
ooxToopondod alooot o^caotly to thoso dotorrjlr>od by Alcoa in ciiiilar 
toots of tho son© alloy. 

Tho otroGG oonosntration factors Gsdoting in tho critical 
oooticm of Goron tsodol propoller blodco loaded in tonoioa wore found to 
avorago 1.375. Stroes oonoostration factor ca uood in thlo roport lo 
<lefinod OG foUowss 

% scF s g^roaa 

^ •’Apparent mxiniEi otrocs” is defined ca tho otross dotomlnod fron a 
■^S-H curvo for oinllar tswiotdiod cpeciiaoi^a as a function of •’cyoloo to 
fciluro". "P/a* Ic dofiaod ca tl«3 appliod asial load divided by tho 
orooa-GocticKjal aroa ct tl^ critical ooctioa. TIio locvdlng la thooo 
toato oonoistod of a oonatont otatlc tonoioa load upon ^olch wero 
• IrrooGOd cyclic locdc tjiiooo ivilf-cnplltados wro otpal t o tho ctatlc 
load. 

Tho oycloo to folluro dotomlnod in tho tosto of Port 17 in 
liiicti tho uppor tonaioa ctroso linit noo oonatant at 23^000 poi, and 
tho louor tonoian otrooa Unit tjaa variod botxiooa ssoro and 16,300 pel, 
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GTO plotted in Fifpiro 15. Bocu'iao of t*ie crail rniibor of csiDOcaneno 
tootod, no oaaet oonolusiona coa bo roficJwd, bat tho roeulto boor oat 
tAio ntituz^sl o^ippooition tho naribop of ^cloo to foilurs doos?oax)OQ 



CG tlio overall otrcsc! range Lacraaaos. 



PisgUflBlQn of Itogyalto 



Althofjf^i it la Isjpoaolblo to oopomto oM cwil;^.to thoir 
Individual offocta, toany oour«»g of error cro prooeat la oxi^ fatlca© 
toot. Tiio sources of error in *thio Invooticatloa ao^ tend to 
Invalidato tho toot rosmlta gcoo principally aa q raoislt of tlw 
irilquo cjotliod in tiilcfi tlu> actnol loads wrs applied to tho aoodiaoae, 
fix) RToat isajorlty of fatig’jo InTOoticatlcna tliat have alroody boeci 
conduotod by tte ea^ylnoorinc profosolon Iiavo eonoiotod either of 
rotating boon teato or ctralglit i^uoU-pull testa in yiiiah t!xj o-joclnone 
liQvo boon oontlnuoua piocoa of rxstal hold l>^t^;ooa two nadiino prlpo 
of ono fora or another. 

Txto pocoiblo oourooo of oma* lahoront la all tooto cro (i)noi>. 
henogaaoity of tlio natorlGl, and ( 2 ) cooll dofeoto la tho surffeioo. It 
is concrallj^ aeoo^ited tI^Gt fatlguo foiltufoo arc of a prograasivo 
naturo, boj^limiac viioro ”tlvo rolativcly hi^iost otrooaoo go to work oa 
tho rolativoly imiront jxurts*'. Ao a result# ary loeelisod otroca 
oonooatratioero ciieli ao would ochx> froa rjicrooootile tool ixirico or 
interior oocluoiono wuld oaiK3C loiior orduranco linita tiraa would bo 
O3^ilbltod by tlioorotloaliy hooogcnoouo, perfectly oDootfi opooSiaoaa. 

Tire effect of any i»n-hoQogonolty in felt to be ontiroly aooondaxy in 
tliooo -boats# ia ti-jat stress concentration factors vioro dotorainod frocj 
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oocparioono of toots of oinilar m>^tehod Oi>ooinoiis, Thio lo as It 
ohotild bo, noiv-hcGOGonoitsf io not only e. posoibla factor, but it is 
ino^tablo. Swill oosluoicas and snrfa co IrrofrolcirltiDo arc i-ircacnt 
in ruTopollor blades rsoniifacturod under tbo noct ri^ld spooifioatlone, 
80 ea a logical ojnclufllon, oay aaoH c«ilo trt-jdioo net only should bs, 
bat CTist bo nado of th<*» oaijo natorlal, 

Anothor factor that cannot bo ovos’lookod is tiio poos^J^ility of 
smell oar faoQ ooratrhos in tho noi^borhoocl of t.ho '’critical ooction”, 
Tho opecinono t?ero nado ty o:?po 2 rt meJlnloto uorhiny unctor tho boat 
aho") conditions, Ixjt tho snail diaonsloaa in *&o crltioal sootiono 
procludod aieroooepio crarfaso ourToys, It io, thoroforo, larfoly a 
mttor of oonioctiaro aa to hw ctcrloiu ai^/ o:n*ra<x) ian?oyu2aritl©c tksto, 
Roraonborin.^ tlio provloisly dosori’yjd oritomlon for ootablloliiag 
etrooa ooncoatration factors, it Is occily soon tl^at assmption of 
anlfoTQ Gusalar strooa dlotrJhution csvor tho critical socsticc mji 
probably very opitaniotlc. This distribution iKrald onist only in tl«9 
aboonoQ of bondinc and in tho prccanco of anlfora elrciriforontiol 
olcsETping prossisros, inv9otl{5ator{: rjavc '^lon dlst'jrbod by tbo 

difficulty in loading a fatiguo eposiaon in i^jr© aidal tenaiai op 
coeprosoion with tho atoonoo of bendlTg» lnoiu?lijrv: tiio auth^esr of tblo 
roport. Altliough tho ot.rai.'n i^adicatod that bor^iing waa rodueod 

to c. jaininrja at tho bogiraiinc of t’.o tooto, tiioro is no .^ustifioatioE 
for oootninc tiiat cmch leading oKioted as t!io indlvldrtl tos’ts pro- 
proa ood, Tho jig lioldii5<i fcslta looconod ropoat<jdly daring tlio toots 
and had to bo tigiitonod xxariodieally. ?Mo olininatod any possibility 
of constant flan,’o px^oaoitreo. Also, at tho c:id of tho inveectlgatio**.. 
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uDar boGcin to ahoi; on tlio clcnpinc idnc J^alvDo, oapooialljr oi tholar 
«iTdo. This fatrbor alono vxsuld cai^o eirex^forcittird t>2^3om*co 

oa tiic flsi^ &x tiio STXH3i‘a:>a. Tlioo<:i faotorop togotlio? irlth tho 
Inhoroat orswya ia oloet.i,*lcal rj3ar:2*lns oc;ui;T 2 ont all auot bo oo 2 >- 
sldoTQd la oTKilvaatinc tlis raoulto of tliosc toats. 

All of Ifio foJ^3^»iac pposoat tlio anffe-.vorablo oldo of tho 
pictu?© tuid toad to Indioato tln'.t all tho data noct Tx) viovod vitli 
sujrploioa, Hoyovor, tho seattor basd obte.ir.od, cad tho corxfnxl 
stiooooQioa cf po5.nto plotted in Picurc 14 iadicato tJiat tho TOoulto 
uro xiortliy of oonclderatloa mon cbdoloao oonoomlnG ^‘‘o ccct-jotsy of 
tho critiool soot ion of a propollo? hl-ado nro bcinf? rndo, 

Eoforo tho posnlts of tSilc lir.?oatiGatioa oaa bo appliod to tho 

full ooalo propollor blado, tee offoct of rolatlTO slooo rnsgt bo 

conaidcrod* fib analytic rolations!^ip bottroca oadtrraaoo livoc of 

er»U ead Icjpco apodnioao of airdlar sliarxis is rot ’:ao^n, altliouch 

naar Imostlcators havo shows that a actofi, oz* otlior streso-rolccffi', 

has a nudx greater offod oa tlio actual loroo ixirt is intlieitod 

« 

by labora'tory tosto of osall scalo riodols, Sadia, in Poferonoo 6^ 
found t!iat tho oi^uranoo Unit at 10,00C,000 cycloo of a 3~inch 
dla-notor aagaosim alloy inrcypoHo? tjoo 7000 to 10,400 pai, l3ut ilion 
th« dicEJotor las incroasod to inchos tiio oadurrmco Unit dropixsd to 
4^00 to 7000 pol, 

Tlio opood of loading apijooxs to liavo littlo effect oa tho 
oaduraiioa of ol-uiiaucs allcyo. Tosta conducted by the fbtional Bnrocu 
of Stesadards (Eoforonoe 7) al’mwd olooo ogroeciont betveoa fatiguo 
toots condiiotod at 900 and in,000 e^rclos i>or nduyato. Otb.or l^ivooticators 



Iiavb shovz tliio ii^i’CQtr.Oiru is nood x\-i to -nd iiacludisc 30, OX 
Q-clcs per nisuto, 

CQgralatioa \d.th Otbar Taata 



Tito tlirco-dlasaoioaal f^oli-ccclc s’bstio tocto of tlio oano lalocSa 
ohap® oonduotod tr* t-’ic Coo?cx«itiTO Hind Tiainol, as <3isoaacod in 
Reforoaso 9, choxjcd a strcca coacor.tyatioa fsotcr ct Iho 0£*ltics.l aoetloa 
of aboat 1 . 90 * "Iiio 'vcliso ie in ^ood cj;s^3or:snt xjith tho &vavi: 4 p 
factor of 1.073 as dotsrt'Jaed for la thla invoctlgatloa, uad '^iorofor© 
ir.dicatca tna uGofaliiosc of tSiia t^po of faticao tostiiic* loadQ 
is otc'lio test vozv applied to 'the top of ’tho root fiasco o;iictl5r 

as IKS dotw in tI:o fati^ras toots. Tiio C'iKtlo strosc eoncoatratioa 
factors aro dcflnod as 'blio ratio of a-casurod ctroocca oa «!'aG oarfc,oo 
of tl-e critioal coctioa to tho nocinal V/A ctroosos idiiclt aro acaxriod 
to o: 2 iot evor tivat cr-so ooertion. 

Ac licrjQd bo ca;.X5Ctod, tlio t\x--diao:xional 'fcostc iadleatca moh 
liigJior ctrooG acncoatratioa factors. Ilofcror.oo 10 ^ivos tlw ratio cf 
raoasared cisrfaco otrocses to ncrdjiai cti*osooc h\ tSic critical GccMon 
as ■ In tlio noi{^iborhcod cf 3JB for the t\iO-diaeriaionQl ixdol* 
rhctoolaetio irrvaotiCQtlorij ouch as o:K) roportod on ia Ixforoaco G, of 
tv?o cli*j<3nciont.il ecdLally locdad nodols liavlnt’ tho gotjo ratio of fillet 
radius/oritlocsl dieEistor os tho propcllor Eiodolo, show a atrooe 
coiioontration of 2.13. 



I?. COHCLOSIOIB 



1. T-^c enrV.u'xv'OG Itelt of nrjOl, pol3r.hoc', ;^-5not.c.':»f^ R-ca1r>ono 
of 76S-T cltEdJTja allcjr is in t'vj nol/^ibo 3 *ood of t^fOOG ;X 5 i vjf oa 
tostod ao rotating ccmtllcTOT bocvna, 

2. T1v 3 hl(^>-3trooQ portlca of tho S-H curve for -indop 

osieJL p'n!i--?si3J. loetHn^r, ca ixi'Miohod Ij/ tJio *TltTdmi Co’-r^v;,’' cf 
Anorici, osoa^itlcJl^ vorifiod, 

3. Tiie stross osnosntration fector oKToting at t’lo c’-’i.tical 
aoction of a o;'Jo-*toiit2^ aaslo rjy2el of a wir^ t-^siaol 'WjoXior blado 
Manafactt!Po<l frer? 76S-5 is In tho nolr^ilaorhood of 1.175. 

4. Stroao ©oacontratloii foolers osta'^lioJ'xvl fren 

tectlog nSTG ossontSoJJy loxjx* than thoso rlotorjaLno'-^ fro . o»’’ .'’■Ic toe'e 
of t^jo-^'KT'sional n^ociolo. 

5. Sti’ooa eoncentration footers aotoirJLnod fren otirol\i21j; 

oorKluctot fatic^jo toots of gjs^at voJiso i:i cloci 4 >'dnc tlic djc'.oo of 
oortoln critical seotic s, in t!iat fatigio r*a}:- i3 '.is'' 

eltoraatlnc locda nuah ao tho cot^^l fdU^caT.'"! tdZl c?:,-orionco 

in corvios. 

6. Strooc ooao^ntratlon faertoTC ojta^Tllohod fI*oa fatipuo 
tcctir^r of ono-tonth scalo -propollcr r.r*iola vjoro oosontialls’ the sano 
as those dotcQ’i.ilnod in ctatio tooto of full-coelo bls.dc3. 

7. Tiicro lo cH indlcotlcfe^ that streso oonooirtratlcn faclorc of 
enall apooiionc aro. not dopondsjat; ca [pcootr^ alone , but- toad to 
docorcaoo ae applied loads over tlio crosa oootlaao aro lovrored. This 
is suggested by tl>« rclatioacMp 'ootxioon tljo olopoo of ca;’7!3c ’lo, 1 



3 of 34, 

3, I:i 'bcsls ’atiliaing c^'cl-lc tension looio onl;r, trite a x'lnod 
\tppo-r sl'"rj 3.14-4 tio ?:41,Tto life of ^ o; 4.1, -.^oliolod, ,,i’o,.cilcr 
e.o'bl of 7A3-T door^^c^oo rx teo ruble of ttar/ nin In -b?;o 
c^r’cLs inctrounoa, 

S-teoDS co;ic.. ntevitioj; fc.cjtcu'c uotezrelnod frea futl(n;o -boots 
cT CixH rx>do3.c olo-ald ”'X> ;xod for -tlio uotiul lotentL^bio-n of ^looi^ 
?%v<ub ii'i '4:0 ffU-O'xJl; ixirb o.ii;;’ uloa 'aw oioc offocte for tbo m'terial 
'UL-iSor l:;voc-bit?i'blon uro .xown, 

KoQor£gaadatioi3a for Furtlw SttiiiT 



1, Donduc-fe ciuiiur -bccte la uiicLi -tliO oietj of bio o./oci’on lo 
t''r v:.T±:’^o ,.uit_-%oter. 

r., Conr'ao'b ciuilur fatifisc 'booto of tiw Di>dDl 'In teo H. I. ..OOIIS 
typo of tea'bli:-^ i xcMae, 

3« I.-.vcobif’xtc tlx offoctc of o^rfaco rollir-^j, uniici*st2oo..l:-Sic, 
cvcrotrocoinc;, xtd alxtepceni-ot' cci tec Iz/o of e^iJLia* 

crcciccriO, 

4, Cc:rbi-iuo an;.?' of the above liivoo'iliutioiso to n4pro:drv'.to3y 
100,000, COO cycl-D, Oaob i.iVooti 4 ?i’».-i.OiX -w'i.11 ..ob be ..ivxlicui ‘..ilcso 
an 0:4x1 loatluT^j fabi£rce .^addao uitlJ a nute. exocAor c..ced tliCii 1000 
oycloc; fwr Liiiutc ia uDvoiOiX^d. 

3, l.’ivooti 4 ;,ato tlio docicti of a faticao testin^^ laciiino ia 
tiiicli •tec t«o apooiacn (;Tipc *niovG uitliln fbixl elides, thorol-/ 
oliuiinatir^ bonJing crA torsion: J. iiiterftjroncfci. 

6, 



If fiarblior boatc oLiilai’ to tiie ono Uoscriloo ia teze 



ro;;>ori X'j a redoolgi^ of tiie !ioldlr;(;; Jlj; \jg , 



AltJicr.ielj a [xraLlnlnsjr,/ otronrtifc d ock of tbo Jl{» tns k , !o, it *sa;i 
aTnar^nt nov ’rdl of thn ^^yr'yy''n*t^l <r-'i 

s*'’jv' T*'.s ".ot T‘i.'’'f onr*\-'^’y t’‘>oT~i vT'’':i “c 'i' J' .In "in-Lfo'’*'’ 



clcrnl:^'’ ■rr’D-’-i^aroc T-r. 0’,’ta' It wooM ^ dosl^able to ndko 

tJ^o nap vbic’ 'Tajo r-’f. th.-> ■t.c'r t’rw>\d'' tTic ’•riso 

arjo*^b!?c'» ■ t o? "i''‘lt.c '.id ch 

■’.n t’S'i ^-JorilT! ol' 4 fjrJ.f'pn’- ’■o'llt .’Jl 'cv"^ of tbo 5^.^;! 

r»b<r\1;d *'>0 rir.'^o of bl^'^^-c+ro^Y'tli ct"'ol ••'it!'' :.'.'’o ■ S'‘^3 ;>cat-t2?c:'t ''" ’*4 
7. CondJcIi a tkoapoticxd. in'/'DaticGticr.’ of t‘?o cArocQ dic- 
t3rib.?.tion in tbc opitinel S'vtMct'. 1x“* r r.rlcv'ri.tif'n -otluxl. 

;l;.i ’v^’.:ldi n"tiir.tlT>i *J3 ’bo t!^; ;iO’*t.lor. of Treoe 

f^/t'v.'G pJ'fcctco ly t’o pri:i. 30 '^e*o 011 'slic top of tl'.c flar^cP, 



m 



£3 



REl^JSiKES 



1, “Rovorood Bandia^t FntlgiK) Proportioo of 2fS-f , end 763-5? Alorlnm 
Alloc^j Cooleagr, J, S.g Tlioaic at t?ia Calif ca?ala, Inotituto of 
T«dmolog;:^j 1949. 

2, '’PorfoaRcu^OQ fosta of Wiro Statiia Gacoo •• Part Ip Cali’33?atioc 
Faotoro Ira Tonaioa"j Conp^soll, V, R.j fl.A.C ji. 7,!l, Tkjo 954p 
/Jovspabca*, 1944p p. 13* 

3. "ffetala Hcmdbeol:"| 194§? p. 13D# Pigraro 3 -q. 

4. '^Bffecte of Rang# of StroGSoo and of Spoelal Hbt^oo on Fatima® 
Proportloa of AlisaizsK, A11 ci5?b Suitablo for Alrplano Propolloro" j 
Dolm, ?, J.j HJL.C.A, T.F. !fo, 352, Jmt©, 1942, 

5* **Inotructicoo for lastallatioo., OiXjrQtioa, and Adjaotaont of 
Univoroal Patlguo Tooting I'fecs^-dxo, llodol SP-l-U, Sorlol 0o, 

493004*'? Sonatog Scieratlfio Corporation, Grooatjldi, Corns., Soptedbor, 

1946. 

6, *'Inprovlng Alroroft Pror>ollore tg? Surfaoo Rollincf ? Sadso, G.g 
Itotklo and Allc^, Yol. 10, pp. 19-23, 1939. 

7. ”17th Aniraal Eoport, 1931*? H.A.C.A., pp, 33-39. 

3. "Stroao Coacoatratloa Pbortcnoaa in Fatigno of Ifo-talo"? Potorooii, 

R, E,? Applied ffoebaaios, A.S.M.S., Octobor, 1933, Yol. 1, "b. 4? 
pp, 159. 

9, "An Bsporlnontal Sttady of tho Stroco Dlotritution in Tlirco- 

Diaonoional Fan Blado Spocliaon Undor Static Load'’? C.V.T. Rorxirt 
E— Docaabesr, 1949. 

10. ®An asporlnontal Stu^ of tho Strcoo Dlotrlbatioa in ftx>-Pl3X5a4onal 
Ten Blado Spootecuo I?ndor Static Load"? C.W.T. Roport, I^Qcaibcfi’, 

1949. 






I 



24 



TABIB I 

pncpsuBR biajDB 
FATIGUE TEST RESULTS 

l-a&i gtr^a ^ q 
Max* otroao " 



(IiOado in Iba*) 



Spoeiffion 


HciGhins Load 


Hciland TraoD 




Gyoloa 

to 












l?o* 




Static 


Total 


1 


2 


3 


Tailtiyo 


1 


2500 


2550 


5030 


5150 


496 ) 


51 ^© 


30,000 


2 


2500 


2535 


5035 


SJo rooord 


64,000 


3 


2A30 


24^30 


4990 


4750 


4730 


4050 


91,000 


5 


2250 


2290 


4540 


4 ii 00 


4463 


4540 


175,000 


4 


2000 


2050 


40150 


4020 


4110 


4065 


257,000 


8 


1900 


2000 


3980 


no pooos^ 


300 ,CO 0 


9 


1963 


1980 


3940 


no s^ 3 ©ord 


_ 400 , 000 ^ 


6 


1380 


1920 


3830 


3900 


3 G 5 G 


3330 


24 , 500,000 n 

dM not fai^ 



TABJJS 1-4 



(STEESSrS) 



All crtvreoooo in pci (toriolc®,) 



Spodrson 

no. 


’ladilno 

Indi<Kitod 

(PA) 


HoOnnd Ttqgo 
Ogto So* 


Variation froa 

Indieatod ( 55 ) 


1 


2 


3 


1 


2 


3 


1 


27900 


23450 


27400 


23285 


3.0 


1.0 


1.3 


2 


27 S 20 


no rooord 


no rooord 


3 


27020 


26240 


26440 


26800 


2.8 


2.2 


1.0 


5 


25080 


25410 


24640 


25030 


1.0 


1.7 


noe. 


4 


223 ^^ 


2221 D 


22720 


224 :^ 


1.0 


1.5 


nog. 


S 


21990 


m rooord 


no rooord 


9 


21760 


no rooord 


£K 5 record 


6 


S 0990 


2 I 55 K) 


1 21270 


1 21270 


2.6 


1 1.3 


1.3 








f 
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TABiiJ n 

RSSUIffS CF FATIGUE TF^STS KITH VAHYI'IT iaMIi-fjl! OT'lfSSiri 



Teat Ihohlaoj 
Spodoanet 
Surf n 00 Fixiiaht 
Spood of Loading} 



Sonntag Univorool Patlguo Tootlr^; 
3/l£>th seals propollor ruxloio 

3 nicrolndioo 
1330 <57C5loc per nlnuto 



Test Results 







Looddbf) 


lbs, 

Strooo 


nin. 

S'uroGC 


StrocG 

Eengo 


Cj'cloa 

to 


S:^oln0n 

Uo, 


Static 


Dyiissaia 


(]pai) 


(poi) 


(psi) 


Failura 


1 


2535 


2535 


23p000 


0 


23,0)0 


3D,(t}0 


2 


3040 


2030 


23,000 


5, 5^50 


22,420 


60,000 


3 


3550 


1520 


2^g000 


11,200 


3.6,330 


516,000 


4 


4060 


103JD 


23, COO 


16,340 


11,160 


did rsot 
toJl at 
35,000,000 
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TABL3 III 

R. R. lioonz FATIGU;'; Tr^T rj£> JX5.’s 



ifatcarlalj 
staoeiinos 
^adtino Speed! 
Spoolcon Doolgns 
Surfaoo ririioli; 



76S-T Alianiam Allqjr 

K. R, MOORS I’awifiUG Tooting Maciiino 

10,000 luni 

standard R. R. ifOCTtB (Roforoaco 3) 

5 nicrolnolsca 



}Jo. 


Tor® 

lbs. 


Added 

11X5. 


Total 

«W« 

lbs. 


Stress 


Cycloo ’la 
tailiaro 

PJ5B 


1 


10 


43 


53 


40,000 


72,000 


2 


ID 


43 


53 


40,000 


03,030 


3 


10 


40 




^,700 


140,000 


4 


10 


36 


46 


34,700 


300,000 


S 


10 


33 


43 


32,^.30 


500,000 


6 


10 


30 


4^0 


30,200 


aio,Qoo 


7 


10 


26.5 


36.5 


27,500 


4,400,000 


3 


30 


23 


33 


25,000 


0,2CK),000 


9 


10 


22 


•30 

,Jl 


at, 200 


30,000,000 


10 


10 


la 


23 


21,000 


S2,(XO,ODO 



Stress 



75s 
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TA.TLE IV 

STiiEJS coxi;:>TP-\Tion ‘"/vCTos ^’OA ''^’.upsLiAJi '•.cd::i*<> 



SCF S 




SpoodLaos; 

Ko. 


Cycdoo to 

Fail'.s’o 


"calncl 

S-ian3os 

(?A) 


Apparont 

Ifas« 

Strojo 


SCP 


X 


33,000 


27,900 


54,000 


1.935 


2 


6,'^,0Q0 


27,303 


50,5C0 


1.216 


3 


91,000 


27,0^ 


47,750 


1.767 


5 


175,000 


25,080 


45,000 


1.794 


4 


237,000 


22,^ 


43,5C50 


1.943 


8 


300,000 


21,990 


43,000 


1.955 


9 


40C,C'JO 


21,760 


41,6>3 


1.9^ 



Figure 1. Failure of Wind Tunnel Propeller Blade. 











/'AI/6UE JPfC MEN 

fa^e /pc^^^E/a/^s 
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■ -50 




£>7Z0 



I 




O 0740 





1^'irc h. :jprrini‘‘n Mounted in Holding 






4 - . 










^chemoii.: Dtaqro'^} 

o-f 

Test Equipment 







Figure 8. Test Set-up. 




Figure 9. Specimen Mounted in Multiplying Fixture 





6V.DC 




F>^!0 

W/r/n <^ P/c5i g^ ram of P/ra/n 

OdL 3 <s /<dnc Pcin^l 



M * G(3 IvcLnomcle r 

'S/ -6^ - Cddnne/ ^oot/ng 

< 5 y - P4/5/) S - ^/CFo Tyyoe, ^A/or/r?.Open) 

5g - <£ Po/e -GPos C/?cP/7/?e/ Se/ec/dt 
G<Si/^. Sw/Tch 
O/ = Pxt. Potent/omet&r 
=• Out pot /b P/ePdod 

P, = JO, 000 ohm /PeZ/pot') 

-/0,000 ohm JJome on a/I C/Xxnnels 

~ CZiojen /V g/^e cr/T/cs ! dornpm^ 
for Pe/Zj-nd £ Zement o5^d 
Pj - Cal // b rdi fjon Pesu Z’or 

- Com pensdiimQ STra/n G<s.^e 
Act/ ire SZra/n Goipe 
P^ = SOOO oZ>ms Z Wo^tt 

df JterenS dmoZd AZ/Z//jeC PeZs^ ^Z?J CPorryi.Op€n) 
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igure ll . Specimers After Failure. (Top View) . 




figure 12. Specimens After Failure. (Side View). 
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Figure 13 -- Typical Heiland Record 
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Prec/5/OfO Pesi^tors 



\ 5ymdo/S 



(/) P/ = Ot/Qino-I gage r es/stdoce^s ( no /oa.J) 

(а) P^ - Gage reo/stonc es difter /ood/OQ 
(3) 1 / = O r/Qindl Qage corrents Cno /odd) 

(^)I- Gage Carte nts dff-er /adding 

{3) P/ - ^o/tHges across gages /no /ood ) // - /,a) 

( б ) p/ = /oltoges across gages after /cad mg t/'-/,z) 
(7) - dtt<xm /mches per/nch) 

(6) i A£ - Pd/tage c/arge across ac/me QO-Qe after 
/oadjng as measa red />y potenT/om eter 



Den pa t/on : 

€, -£2 



GF 






AL 



I, 



R. 




e;-£,:^AP 
£2 P A£ 



4 P, 

P,e. 
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Der/i/gt/ on . 

AR, -r;~r, 

t £^ 7 A£ 

■' 

£, ^ R^AE rR,-^ A R,)(£^ 7 A£ ) 

±R^A£ ~ AR ,£2 7 RjAE (£//min<xhnQ oecond order tzrnos) 
i A£(£-i- R^) = AR,£^ AR, - (GfXRjCE) 

± AA£ = (G£) CEJCE^) 

a - t 

(OF) (£^) 

Sot - ^citter^ Vo/f^ ce^ 

R 

£: ± ^A£ (\/o/i-s) .- t x/o'^) Mdh^olfs 

(Gag e F^acta r)(B(Xtt^ry yoB<Xs CGF) (BV) 
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